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The HT29 cells were routinely cultured in McCoy's 5a medium supplemented 120 with 10% heat-inactivated foetal bovine serum plus a mixture of antibiotics 121 (50 µg/ml penicillin, 50 µg/ml streptomycin, 50 µg/ml gentamicin and 1.25 122 µg/ml amphotericin B). All media and reagents were purchased from Sigma-123 Aldrich (Madrid, Spain). All manipulations required for culturing, passaging 124 (144 to 149 passages were performed) and maintenance of the cell line were 125 undertaken in a 5% CO 2 atmosphere at 37°C, in a SL Waterjacked 
Real-time cell analysis 131 132
The RTCA system is used to gather information on cell proliferation, 133 migration and cytotoxicity via changes in cell morphology and adhesion 134 (Atienzar, Tilmant, Gerets, Toussaint, Speeckaert, Hanon, et al., 2011 ). An 135 xCelligence Real-Time Cell Analyzer (ACEA Bioscience Inc., Roche Applied 136 Science, Germany) was used as previously described (Limame, Wouters, 137 Pauwels, Fransen, Peeters, Lardon, et al., 2012) (Fig. 1) . It was found that the concentration of histamine 249 and tyramine remained the same after the 24 hours (data not shown), 250 suggesting insignificant amino oxidase activities in HT29 cell cultures. 251
252
The curves showed that cells proliferated over the 20 h of culture before BA 253 treatment. After this time, the curves for BA-untreated cultures showed 254 continued proliferation. However, a drastic reduction in the normalized cell 255 index was seen when the cells were exposed to increasing concentrations of 256 tyramine (Fig. 1A) or histamine (Fig. 1B) . Both BAs were associated with a 257 dose-dependent cytotoxic effect. The effect of tyramine was very acute and 258 rapid: the normalized cell index of proliferating cells treated with 259 concentrations above 2.9 mM dropped within a few minutes. The cytotoxicity 260 of the histamine was less severe than that of tyramine: cells treated with 5 261 mM histamine showed no change in their proliferation curves. However, 262 doses of 10.8 mM or higher were cytotoxic, although more moderately and 263 less acutely so than observed for cytotoxic doses of tyramine. The cytotoxic 264 effects of both BAs on confluent HT29 cells (data not shown) were similar to 265 those seen on proliferating cells. 266 267 Dose-response curves for tyramine and histamine were constructed 24 h 268 after BA exposure (Fig. 2) . Both that of tyramine ( Fig. 2A) approximately 10 times more toxic than histamine (IC 50 of tyramine after 24 h 280 of treatment 3.2 ± 0.04 mM, compared to 26.0 ± 1.2 mM for histamine). 281
Thus, a 10-times lower concentration of tyramine than histamine is needed to 282 achieve half of the latter's strongest cytotoxic effect. The results also 283 indicated that the cytotoxic effects of tyramine did not increase with 284 incubation times beyond 18 h. In contrast, sensitivity to histamine increased 285 over time. 286
The NOAEL and LOAEL values for tyramine ( Fig. 2A ) were 1.8 mM and 2.2 mM 287 respectively, and 3 mM and 4 mM respectively for histamine. Thus, the cells 288 showed a higher toxicological threshold for histamine. 289 To visualize cytotoxic effects, cell cultures treated for 24 h with a range of 294 tyramine or histamine concentrations were stained with DAPI and observed 295 by fluorescence microscopy (Fig. 3) . The number of cells decreased 296 inversely with the concentration of both BAs, although the tyramine had a 297 more severe effect. Tyramine doses above 2.9 mM had a more serious effect 298 on the cells, indeed, at the two highest concentrations tested (11.5 mM and 299 17.3 mM) very few cells were observed. The cytotoxicity of histamine began 300 to become evident at higher concentrations (above 5 mM), but even beyond 301 the maximum concentration of tyrosine used, the cytoxicity of histamine was 302 less severe. 303
304
The chromatin of the histamine-treated cells appeared more condensed -a 305 characteristic of apoptosis -than the chromatin of the tyramine-treated cells 306 (Fig. 3) . This suggests that the mode of action of these BAs might be 307 different. Further experiments to examine this were therefore performed. 308 309
Apoptosis assays 310 311
Intracellular DNA fragments typical of apoptotic cells were sought using the 312 cellular DNA fragmentation assay. To ensure the meeting of the necessary 313 cell death test conditions, endpoint times of 24 h were employed (the time 314 needed by each BA to induced maximum cell damage). Intermediate doses -315 5.8 mM for tyramine and 16.3 mM for histamine -were used to ensure that 316 cells would be damaged though not all would be killed. After BA-treatment of 317 the BrdU-labelled cells, DNA fragments were extracted from the cytoplasm 318 14 and quantified. DNA-fragmentation detected in these cells was slightly 319 increased (12.3%) in comparison with controls. In contrast, DNA 320 fragmentation in the cells exposed to histamine increased by 43.9% (Fig. 4) . 321
This strongly suggests that histamine, much more so than tyramine, exerts 322 an apoptotic effect. 323 324
Assessment of cytolytic (necrotic) effect of tyramine and histamine 325 326
The cytotoxic mode of action of tyramine and histamine was further assessed 327 using the LDH assay. LDH is a cytosolic enzyme released into the medium 328 after necrotic cell death. Based on the RTCA results, an LDH assay end-329 point of 24 h was chosen. Assays were performed using the concentration 330 range employed to construct the dose-response curves for tyramine and 331 histamine. Figure 5 shows the percentage cytolysis induced by tyramine and 332 histamine. Negligible LDH activity was detected in cell cultures exposed to 333 histamine, except at the highest concentration tested (127.9 mM) in which 334 cytolysis reached 45%. In contrast, a dose-dependent increase in LDH 335 leakage was observed with tyramine, indicating that, unlike histamine, 336 tyramine caused the necrosis of the HT29 cells. 337 Tyramine had an acute, rapid effect; the cell index dropped abruptly after 347 treatment with 14.4 mM tyramine or higher doses, whereas a similar dose of 348 histamine induced more moderate effects. An explanation for this can be 349 found in the different mode of action of tyramine and histamine. LDH release 350 from tyramine-exposed cells increased significantly, particularly at higher 351 concentrations, indicating that this BA has a necrotic effect. In contrast, 352 negligible cytolytic activity was detected in cultures exposed to histamine, 353 suggesting that this BA causes cell death without affecting membrane 354 stability. In addition, cells exposed to histamine showed significantly 355 increased DNA fragmentation, strongly suggesting that the biochemical event 356
behind the cell death induced by it is apoptosis rather than necrosis. 357
Whereas necrosis is an unexpected, unordered and accidental form of cell 358 death, apoptosis is a form of programmed cell death (Kanduc, Mittelman, 359 Serpico, Sinigaglia, Sinha, Natale, et al., 2002) . It has been reported that 360 histamine is deeply involved in apoptosis triggering and progression 361 (Toninello, Salvi, Pietrangeli, & Mondovi, 2004) . Histamine is a key mediator 362 in the development of allergic reactions, which evoke activation and 363 degranulation of eosinophils and airway epithelial tissue injury; apoptosis is 364 believed to be a major mechanism for the clearance of eosinophilic 365 inflammation (Hasala, Giembycz, Janka-Junttila, Moilanen, & Kankaanranta, 366 2008; Ling, Ngo, Nguyen, Thurmond, Edwards, Karlsson, et al., 2004) . 367 368
